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ADSORPTION PROPERTTES AND STRUGTURE OF ADSORDENTS
2. ADSORPTION FROM SOLUTIOUS DY AGTIVATED OARBON IN A WIDE RANGE
' OF CONORITRATIONS

Os M, Dahigit, A. V, Kigclov, M, G, Terekhova, and
Ko Do Shohoerbakova

I. Introduction
In the provious works of thin series E, a the influonce of
the ocharactor of the porosity of activated carbons on the adsorption
of surfage=activated substances from aquoous solutions was studieds
thia inrluonce led to a sherp drop in the number of adsorbed molee
oulen, with an inorease of the longth of tho hydrocarbon radioal, and
%o an approximate constancy of the maximum volune adsorbed, The re=
sults of the invostigation of tho isothorms of ndsorption from solue
tions were ocomparod further E. -.1] with the rosultas of the investi=
getion of the isothorms of adsorption of vapors, and also of the
heate of ndsorption and moisteninge It was found that the volume of
liquid me*hyl alochol adsorbed from vapors before the beriming of
oapillary oondensation is olome to the maximum adsorbed volumes of
aliphatio aloohols and moids from aqueous solutions, Thess ocbserys=
ations led to tho oonclusion oconcerning the sulid £illing of the
mioro=pores of the ocarbons studied by moleoules of subsiances adasorbed
from vapors and solutions, Furthormore. [5] » adsorption from solu=
tions by n maries of oarbons with a varying degree of activation was '
investigated; and it was found that in proportion to the expansion i
of the poros there osours a gradual transition from the offeot of

ultra=porosity to a constancy of the meximum edsorbed voluma, and

further, to phenomena characteristio of large=pored and non=porous
adsorbents,
Solutions of substances of limited solubility in water were

ohiefly usdd in these investigations. In the casses of adsorption

T M L e o T e

of butyrlo and acetio acids, which are mixable with water, it was

CONFCEXNTAL
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CONFICENTIAL

found that the adsor;tion passes through a maximum, after which it
bogins to deop slowly with t he further inercage of conoentration,
approximately following a linear law. The maximm on the isothorms
of adsorption at high oongentrabtion has baen ropeatedly noted in the
literature ES - 1431 end it fallows from the definition of adsorption
a8 tho oxceas of adsorbed substance in the alsorption volwne in com=
perison with its oontent in an equal volume of froe solution in
aquilibrium [15]. Kiselev and Shohorbalkova [2] appliod the equation
comeoting tho determined adsorption x wlth the full oontent of
adsorbed substance & in tho adsorption volume \K_,n'b o conoentration
ol
X= a=-Vv, 'C, (1)
Jith the solid filling of the adsorption space of the carbon (the
volume of its mioro=pores) Va, mapgnitude & renches o constant maximum
value, and x_ begins %o drop lineally with furthor inoroange of ot
also in this zone
%— = -a—' ] (2)
o¢
if Y does not dopend on .
Such & characteristio of isotherms of adsorption passing through
a meximm and dropping with the further increase of concentration wes
also found by ths caloulation of adsorption from the dopendence of
the surface tonsion of aqueous solutions of alcohol on the concen=
tration (Guggenheim and Adem [13]) for the boundary between an aqueous
golution and airj ond also from the dependence of the adhesional
genaion on the concentration Cor the boundary between a polid body
and a solution (Bartell and Benner [14]). The latter authors used
formulae similar to (1), and found the approximate constancy of &
, in a wide range of ooncentrations, Treatment with the aid of g
Formula (1) of the isothorms caloulated by Guggenheim and Adam for 3

fg_f; the plane between an aqueous solution of adochol end air lead to the

.

IS pame oonolusion,

Thus, the recorded characteristios of the isotherms of adsorption

PANF™ENTIAL
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[

of surfaco=-aotive gubgtianoos mixible with a solvent (the adsorption
pacaes ghrough & waximum and then drope approximately lineally) are

equally yypioal for the oaso of adaorption by golid bodios and for

adsorption on liquid surfaocos.*

L Timilar cuce vokes pilace TR e edsorpuion 5 Gat08, DUG &%

rether high prossurofe

Somanchenko in 1932 gave & theory of suoh an {potherm for the
cuse of adoorption {rom solutions on liquid surfacos [1'5, 197, vhich
was verified in his laboratory by moapurements of the gurface tonasion
of amalgems ond fupions [1'7, 1_8_7. Storting from the principle ol
Boltzmann ond agouning o golid filling of the volune of tho solution
and the surface loyer with the components of the solution, Somenchenko
obtained e formule for the isotherm of adgorption sontaining & torm
1ineally deoreasing with the concentration.

For the concentration of on adsorbod substance in & glven
oloment of adsorption volume oW Semsnchenko obtained the oxpression

M= g4 vmb(aba-l’/'j?-_'ﬂv"’ (8) 72
where ois tho conoentration in a solutiom in equilibrium, and Ym
ig the molox volumo} and the magnituge ® is oonnected with change
of potontinl onergy 4 1 o Q_:&f‘_»:hézw :4‘?)
kT (4) 7

(index O refers to the golvent )*. Furthermore, Semenchenko estimated

b= &

the change of potential onergy with the aid of & reprosentation of
the generalized momente

We may obtain & gimiler formula for adsorption on & golid body.
Let us oxamine the adgorption on adsorbent 1 from & golution of &

gurface=aotive gsubstance 3 in a golvent 2. From the conditions of

] This seme formule may elgo be obtained thormodynamically from

the equabion of the chemical potentials of the oomp%en‘ta of the . 2un
golukion in the wurfaece leyer end in the volumes. Al = /ﬁ‘where/d=/" (7)*”"‘ -
A (T)+ Y +-RT Ine , where _«¢°(T) does not depend on ‘the

gituation of the molooules and £ is the absolute ooef fioient of

sotivity, which may be expresae’& by the potential 4 of on external

(for example, gravitational, oleotrostatic, oto. ) and molecular field,

aoting in ‘the olement of volume in questicn with the conoentration

Ce
i "

-3 -
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Neo may obtain a similar iormula far adsorpiion on a solid body,
Let ug examine the adesorption on adsorbent 1 from a solution of &
eurfaca=aotive substance & in a golvent &, Frem the oonditiona of
equlliuriwm of subatuncoed ¥ and 3 in the element of velume of tha
gwiace layer o) and in the free volure of the solution @sand from
the gonditlons of dimplagement (Semenchenko ﬁﬁJ, Cug,enheim and

Adain [13] ] ﬁ @ w, woo “‘\/,“’1 S
(o) e

N ’

() '
wo obtains ¥ § ‘;.“J
A R ,
(6) /¢
Horo L V.od i
. Y . . !
(1)
w 'Y o .
whore _ My W - (f:-‘.“‘f.;, ) () /10
bt .
For obinininre tho ndaorpblos X we sl onloulate the integral
in tho oxproauviont
v
X ,) "1”:/ . ia,Jn (9) “"'I)

Tn gonoral tho galouletion »i tho inbopral roquires n inowlodso
of ‘the alsbribition of Puoom'din;; %o 4ho volume ‘,.p furthormore, the
boundary of the adgorption volume may algo do ang on bho conventration.
In cortain particular cases, howover, tho provlen o simplifiod, In
tho onge of adsorption on a smooth surfuco g, tho adsorplion volumo ig
prop rtional to tho thicknoss of tho surface layor gv o § ), which
ip consbent during monomolecular adsorption of symactrical molooulus,
go that o doos not depond on i, .o muy algo conuider V. and ¢ “onstant
in tho ouse of adsorption in {'ino poros during thoir solid £illing wifch
swrface-sctivated material, that is, in Mo gone of lincar [all of the
igotherm beyond tho maximums
In these oases o W 3
Xy == (Lj \_,fj v’

(10)
and we obtain the following approximate egquation lor the igotherm of

adsorption un a golld bodys ‘1
| o o/
X :-:"{ — VaJ b L3 - — - \/ , /'1'.' i
I ERAAEN e A v g
AR ENTIA w
wist ! |
-4 - 1

Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110034-2



Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110034-2

CONFIZENTIAL
Inasmuch as nw.gni'hndasl’,“and v, Meannot differ proatly from

one another,

LV Wom o W5 - (12) /'

where /: 1lo the molar volume of the pure compenent 3 in a liquid
eondltions lurther
JRTIE I S R (18) 7/
where , io the averara molar heat of adgorption from the solutlon,
vor gtronyly adsorbed substances, LY gonslitutes, provauly, a
magnitude vr Uhe ordor of 10°, gu that in compurisun with .t one
may whulejarae the wndy, wne (17) aanwten u glroler Yormt
TR
. ) ,‘w,.n;‘u (1'1)‘1'
This Permula is quite similar Lo the o usod Ly Somonchenko
for tho caso of adsorption n-.tho surfnoe of u liquid, containing
in the index of magnitude b' tho differcnce of tho peneralizod momonts
of tho componrntgs of tho golution, iormulue (14) and (1) are corract
for any form of intormotion betweon molecules ol compononte of the
gystoms In gonural b' deponds un the concentrations
Comparing (14) and (1), wo soo that the full content of the
adgorbed gubgtunoe in the adsorption volumoe V., Lo exprossod by the
formula
PRI o (18) /0
Vfith the inoroase of <& thig magnitudo Gends toward a definite limit
S -%:‘ﬁr (18) /10 |
Lot us now turn our attention to the faet that the product of
b'v;%bands in tho denominator of the first tern of (14) and (16).
T4 15 ovident that the larger it ig, the sooner it will be possible
with tho inoroasa of conceniration QI“%o disregard the unit in the

donominator, und then the isotherm of adsorption will be subject to

the simple equation
X = Vo

w
ki Y?

CONF™PNT.
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|
| - . ' ‘
Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110034-2 s »

— C.‘L’
273 (17) 72~




D e . -
eclassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110034-2

CONFICENTIAL
This oquation must be nlmost linear, because when the limiting value
& i reachiod the magnitude V,¥ cannot change at all essentially.

For tho magnitude of the conoentration, corresponding to the

maximum ef adsorption, Semenchenke gave the formula

(% i = Y ()
v b
from which it follows for strongly edeorbed substances that
. o — )
(“! IN T Xpan C ELV;: Ty

that Lo, with the inorease of molar heat of edsorption and of moler
volwne of the surface=-active oomponent, tho meximum on the isothorm
of adsorption is displaced foward tho smaller concontrations in

aquilibriune This oonolusion muy bo easily verlfied oxporimentally.

The formulae obtainod may find othor important applinatione It
follows from (17) that in the zone of linear drop of adsorpiion with
the inoroase of soncentration Equation (2) ias correot; thot is, it is
posaible to detormine the magnitude of the adsorption space V.. The
seoond oonstant of Equation (17) pormits one to determine \/J“ﬁ that
ig, to moke n few sonolusions about the oondition of the subatunce
adporbed from solutlonss.

In the case of substances of 1imited solubllity, the term ¥ Cf“
in (14) beoomes small, In the ocuso of substances of slight golus=
bility, it is gonerally possible to disrepard it, since magnitude x,
praotiocally coincides with &, (1), and therefore teonds toward the
14mit, Formulae (16) and (17) show that in this case we may estimate
the magnitude of the adsorption volume gooording to the formulas

Voo T oy VY T X Yo (20) 2o
whioh was usod by us in previous works L 2,

Extensive oxperimental material has been obtained in our lebora=
tory, which qualitatively confirms the conclusions made, In this
work we will limit ourselves to & presentation of the rosults of the
investigation of the lsotherms of adsorption by carbon representatives

of & homologous series of aliphatic acids and alochols from aqueous

aolutiona, lere we have oases when Q is much larger than R , and both

6 o=

| - . . ‘
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’5 and {, inoroase in the homologous series. Acoording to Semenchenke

ﬁormula. (19)7 we must expect a netioceable displaoement toward emaller
gonoentrations of the maximumn on the igotherms of sdsorption with the
inorease of the number of atoms of carbon in tho adsorbed moleculose
17, Exporigents

on the Lagls of the considerationa expounded in the present weork,
wo nade an attempt to investigate in groater dotall the adsorption
from solutions by aobivabed oarbon not only of aubstances of limited
golubility in water, bub algo of subotances mixible with water in all
proportionss For this we used a more highly aotivated oarbon from
dried apricot pits, rinsed in hydrochloric aocid and water to an nsh

oontent of 0,66 poroont.*

« Carbon lo, 4 in the series studied previvusly Z.57.

Experimonte with ovaouated oarbon and a solution of acetio acid
ghowed that the prosenco of alr exerts practioally no influence on
the marnitude of adsorption (g 6)s Therefors, in the remaining
oaoes the carbon was driod in a vaouum in large portions, after which
1% wag in communiocation with dry air, and in such a form it was used
for the adsorption oxperiments.

The investigation of the isothorms of adsorption was conducted
for all monbers of a homologous goriecs of normal aliphatic alochols
and aolds, beginning with methyl alochol and formic moid and ending
with heptyl alochol (only slightly golublo in water) end substances
oontaining ramified chaina and oyolos, For substances mixible with
water the adsorption wes mensured in a wide zone of ooncentrations
up %o hipghly conoontrated svlutions; and in the case of substances
of 1limited solubility the measuremonts were made up to conoentrations

constituting 8080 percent of that of seturated solutions, The ocone

intorforometer, The caloulation of adsorption was conduoted acoord=

!;l centrations were meagured, &8 previously, with the aid of o Zelss ‘
ing to the usual formudat \

XJ == Vp °

S . .
._._T &I = CJ ‘:L(‘n?_%dib), (21) /1] | |

-l -

e - b

.
S
1Y,

»;“‘5:& g_v'o«,, g e
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whero V» is the volumo of the poured golution with a volwnotrio oon=

sentration of © ,l’ } ad m 1o the wel.ghed portion of the edsorbont,
In somo exporimento we measured individually ghe full quantity of
gubatanco 3, n; introduced into an ampoules I'ﬁ was noted by Kiselev
end Sheherbakova [27 that a otrict oxpression for the determination
of x, corrosponding %o the [ ‘,‘d of Guggenhoim and Adam [337 ia the

formudas

m,
where Av 18 tho chango in volume of the polution, produced by adsorp=

Ve san—e® by, e

oY) (e ¢y " s (22) "
wion, With small g,“tho magnitude of the correotion torm may be dig=
ropardode Apporontly, 1% is small in tho entire intorval of concen=

travions {nvostizated by ude®

[

% The measuremonta of tlie hents of edsorption of vapors show [5, ?7
that o strong comprosusion may be expeoted only in @ volune of the
order of 10 poroont of Y. Whon Vg = 0.6 om ¥g, ond the change
of volume is up o 20 peroont, £ 0,140420,6 = 0,01 on/g,
which at the greatest value of ¢§ = 10¢¢ lends to the magnitude
of the correction term at Ol /¢, which is still lower then 10
peroent of X, at this value & The general expression for the
relative magnitude of the oorrection term will be given in the
following work) it hus the form

av . e,

Ve T8

The epproximate formula (21) is conveniont for trontment of the

w
"
b

meapurements, since magnitude ;\:f‘ (ﬁ,," ﬁdoas not depend on the ratio
Vo \ o,
b for in the precise formula (22) the magnitude X, and %‘1 ¢; do
not depend on ite The magnitude x (or [3*)) possesses tho adventegs
in thet it leads directly tothe full content & in the adsorption
volume, which is of interest for the theorys

1II. Results and Disoussion

1) Adsorption of Normal Aliphatio Aokds and Aloohols of limited

Solubility

In the zone of gmall concentrations the adsorpion of noids end

o
>

aloochols inoroases with the increase of the number of carbon atoms

mmm
it
i

per molecule, in eocordance with the "gtraight series of Traube"

o

(Figse 1 and 2)e In the case of gubstences of 1imited solubility in

5

SR T

water, the adsorption tends toward the limit with further inoroase

.
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of ooncontration (Figse 3 and 4).* The data given in Table 1 show

% At tho prosent time we have worked out a method for measwring
adsorption from a solution up to tho conuentration sarresponding
%o saturations In Fige 4 the results obtained for heptyl alechel
are given, The dotted line sorresponds to the extrapulation of
the owrve oorresponds to the effeat of capillary stratification
found by us, which is desoribed in a separato report 527.

that the magnitudes of the weximum adsorbed quantities (mMfp) dow
orease with the inorease of the number of oarbon atoms per molecule
(congequently corresponding to the "inverse sories of Traube"), at
the same time that the maximally adsorbed volumon (oma/g) oaloulated
acoording to (20) are closo to oonstancy /67

Thus, for this curbuu blie rule found by ug ivovicusly is fule
f11leds the rule of the approximate conptanoy of the maximum ad=
sorbed volume of normal aocids ond aloohols stronply adsorbed from
nqueous solutions.

The magnitude of thils volume ln about 0,64 om¥g, and represents
fundamentally the volume of the mioro-poros of this carbon. The
isotherm of sorption of vapors of mothyl aloohol by this carbon hos
%ho wsual form for such & type of carbon /%, 4, 207s At the point
of the bepinning of sorption hysteresis tho volume of liquid methyl
alochol adsorbed from vapors amounts %o 0463 om 5/51 this magnitude,
1ike that for other carbons of this type studied previously, [b’, 57,
is olose to the volumo of the micro=pores.

2) Adsorption of Aliphatio Aoids end 4loohols of Unlimited Solu=-

bility in Water

Igotherms passing through the maximum wore obtained in all

oages of odsorption of low=-molocular membors (of unlimited solubllity
in wator) of these same homologous gorios (Figes 6 and 6)s An almos®
1inear decrease of adsorption x with the inorouse in ooncentration
was found by us in the zone of large concentrations for all sub=
stances containing more than one carbon atom per nolacule, within the
1imits of mcouracy of the determinations of magnitude x, according to

(21), especially for propyl aloohol and bubyric sold, As may be seen

CONFTENTIAL
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from the diagrans, the maximum of adsorption is displaced te the
gone of smaller concentrations with the inerease of the hydrocarbon
radical, in accordance with the requirement of the theory (19) (the
inoreano of ., and Q)s The epproximate values of the concantrations
ourresponding to tho mexima are glven in lable 2

The results obtained confirm qualitatively the theorotical
represontations given in the introduotion oomar:ﬁng the goneral form
of the isotherm of adsorpbtion of gurface=-activated substances in a

wide zone of ouncontrations,¥

* A comparinon with the rosults of direot moasurements of heats of
adgoryption which arn being oonducted in owr laberatury vill be
mado soparatelys

The obuolute magnitudes ol the inolinntions of the lineally
falling branches of those jgotherms aro glven in Table 3 From this
tuble it 1o ovident that they incruase with the inorease of the
number of carbon atoms in the adsorbod molecules, approaching the
volumo filled by highersmoleoular gubstoncos of limited solubilivy
(Table 1); and for propyl aloohols and butyrio acid they become
practiocally equal %o ite

The smaller ma(;ni'tude---fj? for lower noids and alooliols are
apparently due to the foot that ot the concentrations studied the
moleoulos of thoso substances do not completely fill the entire
volume of the miorv-pores of this rolatively largo=pored 457 carbon,
g0 that for them Ya <Viicqo» ot least in the zono that has been
gtudieds The volume of mioro=pores romaining freo is ocouplod in
theso onses by a solution in equilibrium e ven with large concen=
trotions; this is true because the tendoncy toward displacement of
woter weoakens due o the large quantity of polar groups of=-=COOH or
«=Cll ontoring the mioro=pores in the ocase of adsorption of short
molacules of acids and alochols possessing & smaller enorgy of
adeorption.

These results are represented graphioally in Fige 74 In the

upper part the dependence of the maximal adsorption x on the number

i
’

.
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of oarbon atoms in the ad ooules is showmj in the lower part,

the same for the magnitudes of the volumess - ';'.(ror the lower
membera of the series) and +, (for the members of the weries
of limited solubllity),

It 1s aleo posasible to oaloulate the magnitudes \;“" from the
linear branch of the isotherma (Table 4)e

The table shows that thoso magnitudes are ol se to the values of
the molar volumes of aliphatioc aoids and alocholas in the liquid state
under ordinary conditions, It ie impoosible to make any further oon=-
olusiona from this oomparigon, for the caloulation of the correotion
term in Formula (22) would be required for this, In this respect
independent Jetoridnatlons ol tho density of the subatance in the
adsorption volume would have a very important significance,

We have previously pointed out 5—5 that normal activated car=
bons used for sorption of vapors posscss three groups of poress very
fine mioro=pores, fundamontally oorresponding to the adsorption space
of the oarbonj larger pores, filled by capillary condensation in the
process of adsorption of vapers of methyl aloohols end finally, very
large aportures and oavities, which are filled during molstening, and
which do not pley a vital role for the sorption of vapors even at very
high relative pressures, The last group of pores is not of interest
in the investigations of adsorption equilibriae

Thore apparently exists a rather sharp boundary between the
first and seocond groups of pores in activated oarbons of the type in
question, whioh is indicated by the following faotsi 1) the sorption
hysteresis found by us previously [’.5', 57 and noted recently @97 with i
e sharp drop of the desorption branch at its beginning, where the
isotherm of adsorption rises very weakly; 2) the sharp deorease in
differential hoat of adsorption during transition to the zone of
capillary oondensation in the lawger pores /3, 4, 2173 3) the
significantly smalie.r magnitude of the surface of the film on which

oapillary o ondensation bepins @57, in ocomparison with the possible

PNEENTM
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surface of the ocarbon, whioch indioates the filling of the miero=pores
before the begimning of eapillary condensation,

Therofore, we obaerve for suoh cavbons an approxinate constancy
of the maximum adsorbed volume of strongly adsorbed normal aoids and
alooholsy and the noarnese of this volume Yo tho volume of methyl
aloohol adaorbed from vapors at the point of besinning of hysteresis,
where o rather abrupt transition to ocaplllary condensation takes
ploces Smallor volwnes are {iiled in the case of lower members of
the sories of normal aoids and aloohols, due to the smaller onergles
of adsorption in rolation %o the ourben in the uraoouaEf adsorption
from solutions. At vory high gongentrations o mey oxpeot in those
onmal wi lnsreaze of L WP to the volunes filled in the procecs of
gorption of vaepors at high rolative pruuvgurcs of vapor, that is, in

tho zone of oaplllnryoondonnntlon.*

% In oonnoetlon with thig, the investipgution of adserption from
qolutions of substances of Limitod solubility clone 4o saturation
is of groat interesi) hore it is possiblo for the luarge pores to
be fillod us o rosult of the oupillury ptrotification of solutions,
in o manner similuwr to thet of the coplllery condengotion of
voapors /197

In Lhe oano of butyrie poid the continuation of the linear poriion
of the Lsotherm interseots the axls of the abscissae noar the oconoen=
trotion corrosponding to the puro adsorbed gubstance (6?4: ;i‘). It is
quite probable fhot the fall of the lsotliorms in this zone is delayed,
and the isotherms approuch zero asynptotically when C;/: ﬁa‘. This
would correspond to & certain inoreage of megnitudes &, that is, to
the filling of larger pores, or o donger packing of the molocules of
the adsorbed substences

It is impossible to make any more detailed and definite oon=
clusions in this directions for exporimental work in the zone of high
oonoentrations involves proat dirfioulties, and Formule (21) becomes
inexaote

3) Adsorpiion of Tgomeric Substances end Substances of Cyolis Structure

The results of ‘the investigation of a number of other aubétanoea
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CONPENTIAL

are civen in Figure B and in Tables B and 6, The rami fication of the
hydvegarbon ehuin and the presence of & hydrooarhon ring deorease the
degree of filling of the mioro=pores. Moreover, af in the cage of the
birch oharcoal previoualy studioed 427, the flat meleoules of phanel
are oapable of filling the velume of the miero=pores most densely) &
gmaller volume of maximum adsorption eorresponds %o the dietorted and
hydrogenatod melsouloes of oyolohaxanols

1, The goneral form of the isothorm of edsorption of surface~
aotivo gubstances from solutions in a waakly~-adsorbed golvont was
oongldored, It was shown that in the oase of adsorption on a polid
aurfoce the isotherm equation developed by Semonohonko and wsed by
nim for adsorption on liquid gurfaces is corracts

2, 'The igothorms of edsorption {rom aqueous golutions by oarbon
mado from pite in o wide zone of ooncentrations wero dotormined for
all normsl aliphatic acids from formic to oaprylioj for all normal
aliphatio aloohols from methyl to hoptyljy also for two isomerio
nliphatlc aloohols and o oyclic alechol and phonole

3, The adsorption by this oarbon of noids and aloohols of
normal structure that are of limited solubility in waler follows the
rulo ol the conutanoy of nuximuneadsorbed volumess

4, Tho odsorption of acids end aloohols mixible with water
passes through a maximum with the inorease of conoentration, and
thence docreases approximately lineallys

6, The inolinations of these 1inoally fulling branches of
igotherms, whioh are corneoted with the magnitude of the asdsorption
volume, approach the volume of the mioro-pores of the carbon
investigatede

6. In accordanoe with the theory of Semenchenko, the position
of ‘the maximum on the igotherms of sdsorption is displaced to ‘the
zone of smaller ooncentrations with the inorease of tho number of

carbon atoms in the adsorbed molecules.
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7. The maximal adsorption (excess) of dissolved acide and

aloohels passes through a .iaximum with the inorease of the number

of oarbon atoms, at the same time that tha full volume of the ade
gorbed substance in the miero=pores of the oarbon attaina idvs maximwum
value,

8, The ramifiocation and oyolization of tho adsorbed molecules
lowers the dogreo of their filling of tho mioro=pores of the carbon
etudied,

Tho autliors oxpress their doep gratitude to Academiolan il M,
Dubinin and to Professor A. V. Frost for thelr attentive attitude
toward this work,
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CONFICENTIAL 1

Translation of ceptions of diagremss
Fige 1 Sg. 1122: Tsotherms of adsorption of normal aliphatio aoids

from aqueous solutions by oarbon made from pits in the zone of small
conoentrationss 1 = formic) 2 = nooyio) & = propionio} 4 = butyrio}

6 = valerio) 6 = caproles 7 = heptylios und O = caprylio.

Fig. 2 Sg. 1122: Isothorms of adsorption of aliphatio aloohols from
aqueous golutions by ocarbon made from pits in the zone of small con=
centrations: 1 = methyls 2 = ethyl; 3 = norial propyls 4 =~ igopropyls
§ ~ normal butylj € = normal amyls 7 = normal hexyls and 8 = normal
heptyls

Fige 5 (pe 113): Icotherms of adsorption of normal aliphatic acids
of limited solubility from aqueous polutions by carbon made from pite)
1 - valeric} 2 = oapreic; 3 = heptylioc) and 4 = osprylics The

vertioal dotted line oorresponds to o soturated solutions

Fige 4 Sg. 113)1 Isotherms of adsorption of normal aliphatio aloo=
hole of limited solubility from aqueous nolutions by carbon made from
pites 1 = butyl} 2 = anyl; 3 = hexyls and 4 = heptyls The vertioal

dotted line corresponds to & gatuwrated solution.

Fige 5 (pe 11621 Tgotherms of adsorption of lower eliphatic aoids
from aqueous golutions by charooal mede from pite: 1 - formio}

2 - noetio (& ocorresponds to the evacuated carbon and the solution);
% = propionioc; 4" = butyrios Curve 4 corresponds %o the igotherm of
the fulloontent of butyrio poid in adsorption volume &. The vertioal

dotted line ocorresponds to the concentration of pure butyrio aoide

Fige 6 (pe 116)s Isotherms of adsorption of lower aliphatio alcohols
from solutions by ocerbon made from pitss 1 = methyls 2 = ethyls & =
normal propyls and & = igopropyles The vertical dotted line corre=

sponds to the concentration of pure normel propyl aloohols d
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Fig. 7 Sg. 1162: Dependence of the neximal adsorption by oarbon made
from pite (wY /g, upper part) and the adsorbed volume (om /g, lower
part) on the number of carbon atoms per molecules Acids are on the

left} alochols, on the righte The light circles in the lower part of

the diagram repregent the results of oaloulation according te Equation

(2) (substancos mixed with water); tho black oiroles, the results of

oanloulation socording to Equation (20),

Fig. 8 gg. 118)1 Teothorms of adsorption by cerbon made from pits

from aqueous solutions of aloohols of varying structure:

carbinol; 2 = dlmethyrlethylecarbinoly & = phemol}

iagnitudes of Maximum Adgorption of
Alochola of Limited Solubility from

fade from Pits

Keys to Tablons
Table 1 (pe 1l4)1

lormal Aliphatic Acids and
Aquoous Solutions by Carbon

1 = isobutyl=

ond 4 = oyolohexanols

X
Adsorbed substance \

n) P,

~ Y
"V oy

(._?W/ (‘c?v.)

L]
() (o

1 X, -\,%\) \ﬂ
1

|
Aoldst tl
. -~ L4 0. 53
Valerio |l 4.1 L] 0.2 Z L] | 6. 7%
. 4.5 £8] o.54 | 4]
fjuprord AT A 5 B PE A B TR e
Heptylio S I LS B <5
Baprylio {8 [s] 0.5 | A.4[] 050
Average ’ - —_ : — 0. 54
Alooholss [ ‘|
; ‘ 0] | . 576
| s oL 0. 46 | .5 o] [
Zt.‘;’{l L 4% [e]] CS2 | &0 [{H R
Hexyl | 4% el 055 | 44108 e ff
Hepbyl | Joofey| ozy | #0057
‘ .
Average ‘ — l - W — \ 0. 54
a) ig the millimolar volume of the pure adoorbed substance in the
liquid state at 20° Co
wes osloulated from x  according to (1), assuming 0464,

b)
whichwhioh followed from the date

which x a
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Table 2 SE. 114)1

Value of Ooncentrations Corresponding to the ilaximwen on the ITeotherms
of Adsorption of Aleohols and Asids Mixible vith Water

T

Adsorbed aolds M M/" Adporbed alecohols w M /L
Aootio o2 So0|| Ethyl S g
Propionie a oeo|| Propyl ) Boo
dutyrie / 800

Tablo 3 (p. 118):

sagnltudes of  §  in tho Zone of Linear Fall of Isotherms of Adsorp-
tion for Aliphatio Aoids and Alocholas Mixed with Water

) 1 I . v
Aolds | —- 2.0 . | Aloohols g X
o 7 | L
Acotio ‘ (v %) ' Lthyl (o 4)
Propionio | 046 Normal Propyl 653
Butyrio ! 0. 55 * Tgonropyl 0,58
|

Toble 4 (ps 117)1

Magnitudes of lolar Volwnes of Acide and Aloochols, Caloulated from the
linear Branchos of Isothorms of Adsorption and from the Denaity of
Normal Liquids ot 20° C (om /mole)

‘ i l
Aolds ~ v 3“) {\ V. T Alcohols \ 3“’ l I
? - 1 ~ ;
Acetio | 54 574 Ethyl L9 | S
Propionio \ 8l Y \ Normal propyl 5s l 7ds
Butyrio | 99 | 92 |

Table 5 (pe 118)3

Influence of Isomorization of Moleoules of Alcchol with Five Carbon
Atoms on Magnitudes of Maximum Adsorption (Substances of Limited
Solubility in Water)

Adsorbed substance i - Km0 Vo,

& l‘ ra M e’

! Designation Chemiocal formule "Tg‘ C
Normal primary amyl — CHa=CH,=CH,=CH,,
aloohol ~CH, = OH 4.4 Tl 052
CH{ . |
Tgobutyloarbinol CH/C”'C":‘C’”:,"“ q.a [$) O 46
3

Dimethyl=ethyl=oarbinol CHs )

cm--)c—oﬁ A ¢ 39
“CORFITENTIAL
. ¢ .
,.1.',’41 - 18 =
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Teble 6 (pe 118)s

Influenge of Cyolos in & Moleoule of Aloohol with 8ix Garbon Atoms
on the Magnitudes of Haximum Adsorption (Substances of Limited
8olubility in Water)

X e XKoo = Y
Adsorbed substance M ~ ™ /e
) 3 )
Normal primary Hoxyl alochol Yoo 0.5
Phonol & fed o *7
Oyolohexanol 2.4 0 98
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